I evaluated the effects of age and experience raising young on behaviors associated with defending maternal territories in primiparous yearling, primiparous adult, and multiparous adult Belding's ground squirrels (Urocitellus beldingi). Intensities of vigilant and aggressive behavior were lowest among primiparous yearlings, intermediate among primiparous adults, and highest among multiparous adults, with differences being greatest during gestation and lactation and declining after the 1st emergence of young from the natal burrow. These differences suggest that both age and experience raising young improve territorial behaviors in this species. I also evaluated responses of female U. beldingi to a nonthreatening (caged) conspecific intruder placed in the maternal territory. Investigation of the intruder and aggression directed at the intruder were relatively low among multiparous females throughout the reproductive period, suggesting that these females were able to discern that the intruder did not pose a threat. Among primiparous adults, investigatory and aggressive responses toward the intruder were high during gestation but declined thereafter, suggesting that as the reproductive period progressed these females were better able to discriminate between a threatening and a nonthreatening stimulus. Among primiparous yearlings, investigatory and aggressive behaviors were low during gestation, and females spent about 30% of the duration of tests watching the intruder without overt vigilance. Investigatory and aggressive behaviors increased during lactation and declined to low levels after emergence of young from the natal burrow, suggesting that after an initial hesitancy to respond to the intruder, primiparous yearlings reacted to the intruder as a threat, but by the end of the reproductive period may have been able to determine that the caged intruder was not threatening. Overall, results of this study are consistent with the idea that both age and experience raising young influence maternal territorial behaviors and discrimination abilities in female U. beldingi.
Investing care in young is an important means of maximizing reproductive success in female mammals (Trivers 1972; Clutton-Brock 1991; Wedell et al. 2006; Kokko and Jennions 2008) . Mammalian mothers engage in a range of nurturing and defense behaviors that enhance survival of offspring (Hrdy 1979; Maestripieri 1992; Dwyer 2008; Weber and Olsson 2008; Leuner et al. 2010) . Various factors including past life history and experience raising young can influence the development and expression of maternal behaviors (e.g., Okabe et al. 2010) . Elucidating these influences is important to a broad understanding of reproductive strategies in female mammals. Here I evaluated maternal territorial behaviors important in the defense of young in freeliving Belding's ground squirrels (Urocitellus beldingi; formerly Spermophilus beldingi- Helgen et al. 2009 ). My goal was to identify ways in which maternal territorial behavior might be influenced by experience raising young. Kinsey and Meyer (2010) suggested that maternal behavior is not completely intrinsic or instinctual but rather is shaped by experiential factors throughout the life span. For example, experiences that females have early in life can affect the quality of care they later provide their young as a mother (Barnett and Urn 1967) . Females deprived of care or abused as juveniles tend to be less attentive and nurturing to their own young as mothers and are more likely to be abusive to young than other females (Maestripieri 2005; Koehnle and Rinaman 2010; Kosten and Kehoe 2010; Marysko et al. 2010; Palombo et al. 2010) . Females deprived of care also tend to exhibit greater anxiety-like and fearful behaviors than undeprived females, which may have a negative impact on their efficacy defending w w w . m a m m a l o g y . o r g 491 young. These effects on anxiety-like and fearful behavior may be mediated by long-term effects on the developing brain (Pruessner et al. 2004; Rima et al. 2009; Weber et al. 2009 ).
Maternal behavior can also be shaped by experience gained while raising young. For example, the quality of care mothers provide to young is enhanced with experience raising offspring (Hooley and Simpson 1981; Wang and Novak 1994; Ferber 2004; Anderson et al. 2006) . Experience raising young can increase exploratory behavior and boldness in mothers and the quality of bonds they form with their young while nursing (Dwyer et al. 1998; Dwyer and Lawrence 2000; Viérin and Bouissou 2002) . Moreover, maternal behavior can modify various aspects of learning and memory (Kinsey et al. 1999 ). For example, Love et al. (2005) observed improved spatial memory in parous compared with nulliparous rats (Rattus norvegicus). Pawluski et al. (2006) similarly observed that working memory and long-term memory as well as general learning improved as female rats gained experience rearing young. Influences of maternal experience on learning and memory as well as maternal behavior in general can be mediated by long-term effects on the organization of the brain (e.g., Lévy et al. 1995; Wartella et al. 2003; Krpn et al. 2005; Meurisse et al. 2005; Anderson et al. 2006; Scanlan et al. 2006; Rima et al. 2009 ). Cameron et al. (2000) further suggested that age and experience might enhance discrimination abilities in maternal female mammals. They observed in female horses (Equus caballus) that older mares were more protective of offspring than younger mares during the first 20 days after birth when offspring are the most vulnerable, but less diligent thereafter when dangers to young have substantially decreased. They suggested that the differences between older and younger females were likely attributable to greater discrimination associated with experience raising young among older mothers rather than decreases in their residual reproductive value with age.
Many female mammals invest in young by defending them against conspecifics (Mastripieri 1992) . Infanticide by conspecifics is common among mammals, and females of many mammalian species have behavioral strategies for protecting their young against infanticide (Hrdy 1979) . Defensive behaviors typically begin with risk assessment, which often involves scanning the environment as a form of vigilance to collect information about potential threats and dangers to young. Scanning behaviors are also important components of general investigation and exploration, but when involved in vigilance they are initially undirected and may later become focused on a specific threat (Choy et al. 2012 ). Detection of a threat such as an intruding conspecific is commonly followed by aggressive action against the intruder. Aggressive behavior may be directed toward intruders who directly threaten young or who are on territories on which young are being raised (Hrdy 1979; Mastripieri 1992; Wolff 1993; Rosenblatt et al. 1994) . Despite the importance of maternal defensive and territorial behaviors in the reproductive strategies of female mammals, relatively little is known about these behaviors in free-living animals and how they develop across the reproductive life span.
In this work, I evaluated behaviors related to defending maternal territories in free-living U. beldingi, and sought to identify ways in which these behaviors develop as females gain experience raising young. To do this, I observed rates and intensities of vigilant and aggressive behaviors during the reproductive period, and compared these behaviors among primiparous yearlings, primiparous adults, multiparous adults who had raised 1 prior litter, and multiparous adults who had raised 2 prior litters. Female U. beldingi establish maternal territories during gestation and maintain these territories throughout lactation and the weaning of young. Territorial defense involves enhanced vigilance and aggressive eviction of predators and conspecifics who wander onto the territories (Nunes et al. 1997 (Nunes et al. , 2000 . Infanticide is prevalent in U. beldingi during the reproductive cycle, especially by adult female and yearling male conspecifics residing within a female's home range, and defense of maternal territories from conspecifics is vital for the survival of offspring (Sherman 1981) .
I also examined the relationship between raising young and discrimination abilities in female U. bedlingi. I conducted behavioral tests in which an unfamiliar adult male conspecific was placed in a cage in a female's maternal territory, and compared responses to the intruder among parity groups. A caged male does not pose danger to a maternal female or her young, but may be perceived as a threat by females. I reasoned that if age and maternal experience enhance discrimination, then perception of a caged intruder as a threat should be lowest among adult females with the most experience raising young and greatest among yearling females, who have less life experience than adults and no prior experience raising young. Thus, investigatory, vigilant, and aggressive responses to the intruder should be lowest among the most experienced females and greatest among primiparous yearlings. I also reasoned that during behavioral observations, under conditions in which conspecifics and predators pose a real threat, rates and intensities of vigilant and aggressive behavior should be greatest among the most experienced females and lowest among primiparous yearlings.
MATERIALS AND METHODS
From May through August in [2003] [2004] [2005] [2006] [2007] , a population of U. beldingi was studied in a 100-ha meadow (37855 0 N, 119815 0 W) near Tioga Pass in Mono County, California. This species is diurnal and inhabits alpine and subalpine meadows in the western United States. Squirrels hibernate 8-9 months each year from late summer through spring (Jenkins and Eshelman 1984) . Females typically enter estrus within a week after emerging from hibernation and mate on only 1 day per year, thus bearing at most 1 litter per year (Morton and Gallup 1975) . Gestation lasts 24-25 days. Young remain underground in natal burrows during lactation and first emerge from the natal burrow when they are about 25-28 days old, near the time of weaning Nunes et al. 1999 ). Males do not begin breeding until they are 2 years old, whereas females may begin breeding as yearlings (Jenkins and Eshelman 1984) .
Subject animals were permanently marked with numbered monel metal eartags (model 1005-1, National Band and Tag Co., Newport, Kentucky) and captured in live traps (Tomahawk Live-Trap Company, Hazelhurst, Wisconsin) baited with peanut butter. Traps were checked every 30 min or less during trapping sessions. The fur of squirrels was marked with unique symbols using hair dye (Clairol, Stamford, Connecticut) to facilitate visual discrimination between individuals. Females were observed daily throughout the day (0730-1800 h) from elevated posts such as boulders or hilltops to locate their maternal territories. Behavioral cues used to identify maternal territories included excavation of burrows, carrying of nest material into burrows, and initiation of aggressive interactions with conspecifics (Nunes et al. 1997 (Nunes et al. , 2000 . After their location was determined, maternal territories of lactating females were observed daily to determine the dates on which their young first emerged from the natal burrow. Young of all litters were trapped within 2 days of their 1st appearance above ground and ear-tagged. Body mass of squirrels was measured with spring balance scales (Avinet, Dryden, New York). Females were weighed during gestation, lactation, and the week-long period following emergence of young from the natal burrow. Adult females in the study were classified as multiparous if they had successfully weaned a litter in an earlier year and as primiparous if they had not given birth in a prior year. Adult females who had given birth in an earlier year but never weaned a litter were excluded from the study because they lacked the full experience of raising young. Data were available from several prior years, so it was possible to determine whether each adult female in the study area had weaned a litter in the past, or had given birth in an earlier year (as evidenced by enlarged nipples and a sharp, sudden decline in body mass) but not weaned a litter. Female U. beldingi continue to exhibit maternal behavior for a period after losing a litter during gestation or lactation (Nunes et al. 2000) , so in cases in which a female lost a litter, we were unable to determine the specific date on which this happened. Thus, to prevent inclusion of females who were no longer pregnant or lactating, only females who successfully weaned a litter during the summer were included as reproductive females in the study. Intensive observations throughout the summer allowed all litters emerging from the natal burrow in the study area to be identified and trapped. All reproductive yearling females in the study were primiparous, and all multiparous females in the study were adults.
Behavioral observations.-To evaluate the relationship between prior maternal experience and behavior of females during the reproductive period, behavior of reproductive females was observed during gestation, lactation, and the week-long period after emergence from the natal burrow in a total sample of 142 adult and yearling females who weaned litters. Females were observed for an average of 146.3 6 6.9 min during gestation, 136.5 6 6.1 min during lactation, and 86.1 6 4.0 min during the postemergence period. To assess behavioral differences between reproductive and nonreproductive females, I also observed the behavior of 35 yearling females who failed to establish a maternal territory and for whom lactation was not observed during the summer. These females were observed for an average of 160.1 6 10.5 min. Behavioral surveys were conducted between 0700 and 1830 h. The mean age of primiparous adult females observed was 2.3 6 0.1 years (n ¼ 21, range ¼ 2-4 years). The mean age of multiparous adults raising their 2nd litter was 2.8 6 0.1 years (n ¼ 19, range ¼ 2-4 years), and the mean age of multiparous adults raising their 3rd litter was 4.8 6 0.3 years (n ¼ 14, range ¼ 3-7 years). During behavioral surveys, all occurrences of vigilant and aggressive behavior were recorded (Altmann 1974) . Vigilant behaviors included actions with the potential to gather information for the assessment of risks posed by conspecifics, predators, or other threats. Aggressive behaviors included actions with the potential to evict conspecifics or predators from maternal territories. Specific behaviors are based on prior descriptions of behavior in U. beldingi (Holekamp 1986; Nunes et al. 2000) and are described below.
Vigilant Behavior
Rest alert.-The squirrel is positioned with all 4 legs on the ground and its head elevated; the squirrel's body may also be elevated.
Post.-The squirrel stands on its hind legs with its back erect or semierect and forelimbs off the ground.
Aggressive Behavior
Threat.-The squirrel orients toward or rapidly approaches another squirrel, chatters its teeth, holds its tail upright, and twitches its tail with the fur erect.
Chase.-The squirrel approaches another squirrel in a threat position and runs after it when it moves away.
Attack.-The squirrel approaches another squirrel in a threat position, pounces and lunges at it, and inflicts bite wounds on its rump, flank, chest, neck, or head.
Fight.-The squirrel faces another squirrel, usually in a ventrum-to-ventrum clench, and inflicts bite wounds on the chest, neck, or cheeks of the other squirrel.
I also recorded encounters of focal animals with conspecifics. An encounter was defined as a social interaction with a conspecific, or orienting toward or otherwise showing awareness of a conspecific within 4 m, the distance at which females in the study typically became conscious of other squirrels. We conducted at least 3 surveys for each female during gestation, at least 3 during lactation, and at least 2 during the postemergence period, observing focal animals for 30-60 min during each survey. Surveys were occasionally terminated early when females wandered out of sight or retreated down burrows. Rates of behavior were calculated as the number of occurrences of behavior per hour of observation.
Rates of aggressive behavior were correlated with the number of conspecifics encountered during observations (r ¼ 0.65, P , 0.001), and so were calculated as the number of occurrences of aggressive behavior per conspecific encounter per hour of observation to correct for possible variation in the number of conspecific encounters due to differences in local population density.
To estimate the intensity of vigilant and aggressive behavior, I assigned scores to specific behaviors, with values increasing as the intensity level of behavior increased. The intensity of vigilant behavior was considered to increase as it enhanced the potential for assessing risk. Resting alert frequently occurred as a lead-in to posting as a conspecific or other disturbance (e.g., deer, weasel, hiker) neared, or as a female was easing out of the posting position after a disturbance had passed, and so was considered a less intensive form of vigilance than posting. Females also frequently moved to an elevated structure as a disturbance neared, which appeared to provide a better vantage point for assessing risk. Thus, behaviors expressed from a nonelevated post were considered less intense forms of vigilance than those exhibited from an elevated structure. Vigilant behavior with greater intensity was typically associated with the cost of increasing the visibility of an individual and thus potentially making the individual more vulnerable to predation. Intensity scores for vigilant behavior were assigned as follows: resting alert-1; posting-3. An additional point was added to a vigilance score if the behavior occurred on an elevated post such as a rock or fallen tree. The intensity of aggressive behavior was considered to increase as it increased the likelihood that a conspecific or predator such as a weasel would be evicted from the maternal territory. Aggressive behavior with greater intensity was typically associated with the cost of increased energy expenditure or risk of injury or wounding to an individual. Intensity scores for aggressive behavior were assigned as follows: threat-1; short chase ( 5 m Behavioral tests.-To evaluate responses of reproductive females to a nonthreatening stimulus, intruder tests were performed, during which a caged adult male was placed in a female's territory and her responses were recorded. A total of 70 females was included in tests, which were conducted from 2005 to 2007. Tests were conducted for individual females during gestation, lactation, and within 4 days after the 1st appearance of young above ground. Females were weighed within 2 days of testing. The mean age of primiparous adult females tested was 2.3 6 0.1 years (n ¼ 21, range ¼ 2-4 years). The mean age of multiparous adults raising their 2nd litter was 2.9 6 0.2 years (n ¼ 19, range ¼ 2-4 years), and the mean age of multiparous adults raising their 3rd litter was 4.5 6 0.5 years (n ¼ 14, range ¼ 3-7 years).
For the tests, a male known not to reside within the focal female's home area during his lifetime was trapped. Females typically remain within 80 m of the maternal burrow during the reproductive cycle (Holekamp 1984) , so a male was defined as having a nonoverlapping home range with the focal female if he was not trapped or observed during daily observations within 80 m of the focal female's home burrow. The intruder male was left in the trap and placed within 2 m of the focal female's maternal burrow. Before placing the male near the female's burrow, an observer coaxed the female down her burrow by quietly walking toward her. After the female emerged from her burrow, her responses to the intruder male were videotaped for 10 min. Taping began when a female first responded to a male or presumably detected the male by directing her gaze toward him. Tests were conducted throughout the day, between 0800 and 1700 h. Individual males were used in multiple tests with different females (range ¼ 4-10 tests); however, no male was used in more than 1 test with the same female. Body mass of males was recorded before testing on days they were used as intruders in tests. While not being used in behavioral tests, males in traps were kept in the shade with water and food (peanut butter) in the trap. Males were kept in traps for no more than 90 min total. All work with U. beldingi in this study followed American Society of Mammalogists guidelines for research with live animals (Sikes et al. 2011) .
Videotapes of behavioral tests were later viewed to evaluate the responses of females to a caged intruder. Behavioral tests on tapes were coded with numbers and letters so that evaluators were not aware of the parity status of the female being evaluated or the phase of the reproductive cycle the female was in. Responses observed during tests were divided into 4 categories, and the duration that a female exhibited each class of response during the 10-min test was calculated. The categories of female responses are based on prior descriptions of behavior in U. beldingi (Holekamp 1986; Nunes et al. 2000) and are described here: investigates intruder-The female engages olfactory examination of the trap or intruder with head extended and nose within 2 cm of the trap or intruder, or walks around the trap while observing the intruder; acts vigilantly toward intruder-the female is oriented toward the intruder while posting or resting alert; acts aggressively toward intruder-the female lunges at the trap, pushes or tips the trap, growls, or takes a threat stance with her tail shaking, fur bristled, and teeth chattering; and watches intruder-the female is oriented toward the intruder while resting (on all fours with head and upper body not elevated as they are in posting and resting alert).
Although watching behavior could be considered a low-level form of vigilance, it was evaluated separately from other vigilant behaviors. Watching differed somewhat from other vigilant behaviors in that it was not followed by investigation of the intruder or aggression toward the caged intruder, and frequently occurred at a distance of . 10 m from the intruder.
The behavior exhibited by caged males during intruder tests was also evaluated to determine whether size differences between females and males influenced male behavior, which in turn might influence female behavior. In this analysis, male behavior was evaluated only when a female was within 2 m of the male. Two meters was chosen because males uniformly did not respond to females who were more than 2 m away. The responses of males were divided into 4 categories, and the amount of time that each male devoted to a response was calculated as a proportion of the time that the female was near the male. The 4 categories of male responses are described here: investigates female-the male engages in olfactory examination of the female with head extended and nose within 2 cm of the female; acts vigilantly toward female-the male is oriented toward the female and posts or rests alert; acts submissively toward female-the male backs away from the female, crouches or cowers with his head lowered, or turns on his back with his ventrum exposed to the female; and acts aggressively toward female-the male lunges toward the female, growls, or takes a threat stance with his tail shaking, fur bristled, and teeth chattering.
Reproductive female U. beldingi are more likely to commit infanticide than adult males and hence pose a greater threat to maternal females (Sherman 1981) . Thus, trials of behavioral tests with reproductive females as intruders would have allowed for assessment of responses to an ordinarily highly threatening conspecific who did not pose an actual threat, and facilitated increased evaluation of responses to varying configurations of threat. However, Sherman (1981) noted that when reproductive female U. beldingi are experimentally restrained, the chance that they will lose their young to infanticide increases. To avoid this, I included only male U. beldingi as caged intruders in behavioral tests.
Statistical analysis.-Variables evaluated in behavioral observations included body mass, and rates and intensities of vigilant and aggressive behavior. Body mass data followed the normal distribution (Lilliefors test, P . 0.05), but the other variables did not and so were log transformed to values that were normally distributed (transformed value ¼ ln[original value]). Behavioral comparisons between reproductive and nonreproductive yearling females were performed with independent t-tests. Body mass and rates and intensities of behavior were evaluated with discriminant analysis to determine which of these variables were reliable predictors of parity status among reproductive females. Variables found to be reliable predictors were further evaluated with analysis of variance (ANOVA) or analysis of covariance (ANCOVA). Body mass was significantly greater among adult than yearling females (see below), and so was used as a covariate in the evaluation of behavior with ANCOVA. Parity status was included as an independent factor in analyses with ANOVA and ANCOVA, and phase of the reproductive cycle (gestation, lactation, postemergence) was included as a repeated-measures factor. Post hoc pair-wise comparisons between parity groups were performed within phases of the reproductive cycle using Tukey's tests when ANOVA indicated a significant difference among groups within a reproductive phase. Post hoc pair-wise comparisons between phases of the reproductive cycle were performed with paired t-tests, with significance thresholds adjusted using Bonferroni's correction.
Variables evaluated among female subjects in behavioral tests included body mass and investigatory, vigilant, aggressive, and watching behaviors. Body mass data were normally distributed, but behavioral measures were not and so were log transformed to values that followed the normal distribution, and along with body mass were evaluated with discriminant analysis to determine which of these variables were reliable predictors of parity status. Reliable predictors were further evaluated with ANOVA or ANCOVA as described above. During behavioral tests, many females did not express aggressive or watching behaviors. The large number of zero values precluded these variables from being log transformed to follow the normal distribution. Thus, these data were evaluated with chi-square tests, using 4 3 2 frequency tables that had parity status and presence/absence of a behavior as row and column variables. Post hoc pair-wise comparisons between parity groups were performed with 2 3 2 chi-square tests, and significance thresholds were adjusted with Bonferroni's correction.
Variables evaluated among male intruders in behavioral tests included body mass and investigatory, vigilant, submissive, and aggressive responses to female subjects. Body mass data were normally distributed, but the behavioral measures were not and so were evaluated with nonparametric tests. Changes in responses of individual males across successive trials were evaluated with Wilcoxon tests. Correlations between male responses and body mass differences between males and female subjects were evaluated with Spearman's r. Correlations between male responses and female behaviors were also evaluated with Spearman's r. Body mass comparisons between male intruders and female subjects were performed with independent t-tests.
Statistical tests were performed with Systat 13.1 (Systat Software, Inc. 2009). In t-tests and analyses with ANOVA and ANCOVA, assumptions of homoscedasticity were met (Levene's test, P ! 0.05). For ease of interpretation, values of variables before transformation are presented in figures. Differences between groups were considered to be significant when P 0.05. Mean values are presented 6 1 standard error of the mean.
RESULTS
Behavioral observations.-To assess the expression of vigilant and aggressive behavior associated with maintaining a maternal territory, I compared rates and intensities of these behaviors between reproductive and nonreproductive yearling females, none of whom had prior experience raising young. Average values during the reproductive period were evaluated for reproductive females, and average values across the active period were evaluated for nonreproductive females. All behavioral measures were significantly higher among reproductive than nonreproductive females, including rates of vigilance (Fig. 1a, t 66 ¼ 4.52, P , 0.001), rates of aggression (Fig. 1b, t 66 ¼ 3.29, P ¼ 0.002), the intensity of vigilance (Fig.  1c ., t 66 ¼ 5.77, P , 0.001), and the intensity of aggression (Fig.  1d, t 66 ¼ 4.21, P , 0.001).
Discriminant analysis was used to determine whether body mass and territorial behaviors recorded during observations were reliable predictors of parity status. Average values for individual females over the reproductive cycle were used in this analysis. Variables evaluated here were not autocorrelated (À0.15 , r , 0.29). Body mass (F 3,138 ¼ 33.21, P , 0.001), rates of vigilant behavior (F 9,303 ¼ 13.26, P , 0.001), the intensity of vigilant behavior (F 6,274 ¼ 17.98, P , 0.001), and the intensity of aggressive behavior (F 12,357 ¼ 10.49, P , 0.001) were all significant predictors of parity status. Rates of aggressive behavior were not found to be predictors of parity.
Variables that were reliable predictors of parity were further evaluated across stages of the reproductive period. Body mass varied significantly among parity groups overall during the reproductive cycle (Fig. 2, F 3 ,138 ¼ 30.61, P , 0.001), and in particular was greater among adult than yearling females during all reproductive stages (Fig. 2) . Thus, body mass was used as a covariate in the further evaluation of behavior.
Rates of vigilant behavior did not vary significantly with parity. However, there was significant variation among parity groups in the intensity of vigilant behavior (Fig. 3a, F 3 ,135 ¼ 7.47, P , 0.001) as well as the intensity of aggressive behavior (Fig. 3b, F 3,135 ¼ 3.80, P ¼ 0.012). Both age and parity influenced behavioral intensities, with primiparous yearlings having the lowest intensities, primiparous adults intermediate intensities, multiparous adults the highest intensities. Differences among parity groups were most pronounced in the early to mid-reproductive period, with significant variation among groups observed during gestation and lactation (Fig. 3) . Behavioral tests.-To determine whether repeated testing influenced the behavior of males across multiple intruder tests, which might in turn influence the behavior of females during tests, I evaluated individual males across 4 test trials, the minimum in the range of test participation, and observed no significant variation in any measure of male behavior. To determine whether female mass influenced the behavior of males during tests, I evaluated the relationship between female-male mass differences and male behavior. There were no correlations between mass differences and the investigative, vigilant, submissive, or aggressive behaviors of males (À0.11 , r , 0.18). Moreover, differences in body mass did not vary significantly between female-intruder pairs in which the male exhibited an aggressive response toward the female and pairs in which the male did not display an aggressive response. I further assessed each measure of male behavior relative to each measure of female behavior, and found no correlations between male and female behavior (À0.09 , r , 0.24).
Discriminant analysis was used to determine whether body mass and variables recorded during behavioral tests were significant predictors of parity status. Watching and aggressive behaviors were absent among a substantial number of test subjects, and so were evaluated with frequency tables (see below) and not included in this analysis. Average values for females across the reproductive period were evaluated here. Variables were not autocorrelated (À0.28 , r , 0.26). Body mass (F 3,66 ¼ 17.29, P , 0.001) and investigation of the intruder (F 6,130 ¼ 7.52, P , 0.001) were significant predictors of parity, but vigilance was not.
I further evaluated investigatory behavior across the reproductive cycle, using body mass as a covariate. Investigation of the intruder varied with parity (Fig. 4, F 3 ,63 ¼ 11.31, P , 0.001). I also observed an interaction between parity and phase of the reproductive cycle (Fig. 4, F 6 ,126 ¼ 11.13, P , 0.001), indicating that changes in investigatory behavior across the reproductive period differed among parity groups. During gestation, investigation of the intruder was most prominent among primiparous adults, occurring during about 30% of the test compared with about 10% for other females (Fig. 4) . During lactation, investigatory behavior declined among primiparous adults to about 20% of the test (Fig. 3, t 4.67, P , 0.001), but this was still about twice what was observed among multiparous females. Among primiparous yearlings, investigation of the intruder increased notably during lactation (Fig. 4, t 15 ¼ 3.95, P ¼ 0.001), comprising about 30% of the test duration and being significantly greater than what was observed among both primiparous and multiparous adults. By the postemergence period there were no significant differences in investigatory behavior among females, with significant declines in this period seen in both primiparous yearlings (Fig. 4, t 15 ¼ 3.79, P , 0.001) and primiparous adults (Fig. 4, t 20 ¼ 2.85, P ¼ 0.010).
Watching and aggressive behaviors during tests were absent in several females, so these variables were evaluated with frequency analysis. Watching of the intruder in the absence of overt vigilance or other behaviors varied significantly among parity groups during gestation (Fig 5a, v   2 3 ¼ 26.49, P , 0.001), during which time it was most prominent among primiparous yearlings. A total of 87.5% of primiparous yearlings watched the intruder. The average amount of time primiparous yearlings spent watching during the 10-min tests was 2.16 6 0.38 min (n ¼ 16). By contrast, only 22.2% of females in other parity groups watched the intruder. Differences in watching behavior among parity groups did not persist into lactation or the postemergence period.
Aggression toward the intruder in behavioral tests varied with parity during gestation (Fig. 5b, v   2 3 ¼ 33.83, P , 0.001) and also lactation (Fig 5b, v   2 3 ¼ 15.88, P ¼ 0.001). During gestation, primiparous adults were the most likely to act aggressively toward the intruder, with 81.0% of these females expressing aggressive behavior. The average overall duration of aggression by primiparous adults was 0.58 6 0.08 min (n ¼ 21) in tests conducted during gestation. Only 11.1% of females in other parity groups expressed aggression toward the intruder during this period. During lactation, primiparous yearlings were the most likely to exhibit aggression, with 75.0% of these females acting aggressively toward the intruder. Aggression by primiparous yearlings lasted on average a total of 0.64 6 0.14 min (n ¼ 16) in tests conducted during lactation. Only 22.2% of females in other parity groups expressed aggression toward the intruder during lactation.
DISCUSSION
Rates and intensities of vigilant and aggressive behavior were higher among reproductive than nonreproductive yearling female U. beldingi in the study, indicating increased expression of these behaviors during the reproductive period when females are defending maternal territories. Nunes et al. (2000) observed specific changes in vigilant and aggressive behavior across the reproductive cycle in female U. beldingi. Rates of aggression were highest during gestation as females established maternal territories. Rates of vigilance increased sharply after young were born, and were highest following emergence of young from the natal burrow, at which time they become more visible and vulnerable to predation and attack by conspecifics.
Age and parity were related to behaviors important in defending maternal territories among reproductive female U. beldingi in this study. Intensities of vigilant and aggressive behavior were lowest among primiparous yearlings, intermediate among primiparous adults, and highest among multiparous adults, with the greatest differences evident during gestation and lactation. These differences suggest improvement in territorial behaviors as females gain life experience and experience raising young.
Responses of female U. beldingi to a caged and hence nonthreatening intruder on the maternal territory also differed among parity groups. Responses of multiparous females were relatively low throughout the reproductive period, suggesting that they were able to discern that the intruder did not pose a threat. Investigatory and aggressive responses of primiparous adults toward the intruder were high during gestation, but declined thereafter, suggesting that there was improvement in these females' ability to distinguish between threatening and nonthreatening stimuli. Investigatory and aggressive responses of primiparous yearlings were low during gestation, with females spending about 30% of the duration of behavioral tests watching the intruder without overt vigilance. Investigatory and aggressive responses toward the intruder increased during lactation and declined to low levels after the 1st emergence of young from the natal burrow, suggesting that after an initial hesitancy to respond to the intruder, primiparous yearlings reacted to the intruder as a threat, but by the end of the reproductive period may have been able to discern that the caged intruder was not threatening.
Neural correlates of maternal defensive behaviors have been identified in mice (Mus musculus) and rats. Aggressive behavior in defense of young increases across the peripartum period in female mice and rats, and the likelihood and intensity of maternal aggression have been shown to be modulated by the neurotransmitters gamma-aminobutyric acid (GABA), oxytocin, and vasopressin in specific brain regions (Lee and Gammie 2007; Caughey et al. 2011) . Moreover, in mice as lactating females gain experience aggressively defending young, the effects of GABA on aggressive behavior and attack strategies change, with GABA prompting enhanced responses to male intruders (Palanza et al. 1996) . In rats, maternal aggressive behavior and expression of oxytocin and vasopressin and their receptors is higher in multiparous than in primiparous mothers during lactation, suggesting that the modulating effects of oxytocin and vasopressin on aggressive behavior may become more pronounced as females gain experience raising and defending young (Nephew et al. 2009 (Nephew et al. , 2010 . These studies suggest an important association between maternal experience and neurobehavioral mediation of defense of young.
Stress responses also appear to be influenced by reproductive experience in females. In rats, the hypothalamus-pituitaryadrenal axis becomes less responsive to stressful stimuli during pregnancy and lactation, and this suppression in responsiveness is associated with decreased anxiety-related behavior and increased aggressiveness (Neuman 2003) . Furthermore, in female rats neural activation of brain regions associated with responses to stressors decreases as females gain maternal experience, suggesting that experience raising young may modify the brain to become less responsive to stressful events during reproduction, possibly to minimize distractions in caring for young or facilitate boldness in defending young (Wartella et al. 2003) .
Experience has been shown to influence how individuals respond to threats or risks in a variety of animals. For example, in mice, winning or losing in an aggressive encounter with conspecifics can affect behavioral strategies in future conspecific encounters (Garbe and Kemble 1994) . Moreover, experience with predators or parasites can enhance riskaversion behavior and influence responses to later threats in insects, fish, and amphibians (Stankowich and Blumstein 2005; Fraker 2009; Hirayama and Kasuya 2009). Fraker (2009) suggested that enhanced risk assessment and changes in responses to potential threats associated with experience might result from increased certainty that a specific stimulus is threatening or dangerous, or from greater ability to determine the degree of threat posed by a specific stimulus. Various animals also adjust space use behavior in response to predation or food abundance or exhibit spatiotemporal plasticity in space usage in response to human activity within their habitat (Brashares and Arcese 2002; Hoare et al. 2007; Podgórski et al. 2013) . Behavioral flexibility and adjustments in behavior accompanying experience might enhance survival and reproduction by allowing individuals to optimize responses in specific situations or under changing conditions. One possible explanation for the age-and parity-associated differences among female U. beldingi in this study might be differences in concentrations of circulating hormones or responsiveness to hormones. Nunes et al. (2000) observed variation in the steroid hormones progesterone, estradiol, and testosterone over the course of the annual reproductive cycle in female U. beldingi, and suggested that these hormones or changes in their concentrations might initiate or mediate behaviors involved in maintaining and defending maternal territories. Hormones such as progesterone, estradiol, testosterone, and prolactin can initiate maternal behaviors or influence their expression in mammals (e.g., Albert et al. 1989; González-Mariscal et al. 1996) . Moreover, circulating concentrations of hormones or responsiveness to hormones can fluctuate over the reproductive life span of female mammals (e.g., Lévy et al. 1995; Anderson et al. 2006) . We note, however, that specific relationships between hormones and maternal territorial behaviors in U. beldingi remain unclear.
Another possibility is that parity-related differences among females in the study were related to reproductive changes over the life span of female U. beldingi. Fecundity and residual reproductive value increase early in the reproductive span of female U. beldingi, reaching a peak at 4 years of age, and decline thereafter (Sherman and Morton 1984) . Natural selection may favor females whose expression of territorial behaviors is greatest at points in their lives when their future reproductive potential is greatest, and indifference toward potential threats may increase as reproductive potential decreases. However, I believe this is unlikely. All primiparous adult females and multiparous females with 1 prior litter in this study were within the age range of high fecundity and peak residual reproductive value, but had differences in their territorial behaviors and responses to a nonthreatening intruder. Moreover, the mean age of multiparous females with 2 prior litters included in behavioral tests was outside the range of greatest fecundity and peak reproductive value, but results of the study yielded no significant difference in territorial behavior responses during behavioral tests between females with 2 prior litters and those with 1 prior litter.
Results of this study are consistent with the idea that experience raising young improves the capacity of maternal U. beldingi to discriminate between threatening and nonthreatening situations. Other studies of mammals have provided some support for the idea that discrimination abilities can improve with maternal experience. Viérin and Bouissou (2002) observed that multiparous female sheep (Ovis aries) displayed muted fearful responses to humans or to a human startle stimulus compared with nulliparous or primaparous females, and similarly suggested that experienced mothers had improved discrimination abilities enabling them to determine that the human stimulus did not pose a threat. Hastings and Testa (1998) suggested along the same line that in Weddel seals (Leptonychotes weddellii), experienced mothers are better able to distinguish between high-and low-quality nest sites.
There may be advantages for maternal U. beldingi to have improved capacity to accurately evaluate potential threats. Gestation and lactation are energetically expensive, as is defense of young (e.g., Kenagy et al. 1989; Nunes et al. 2000) . Thus, females who can adequately assess a situation and refrain from expending energy to defend young against a nonthreatening stimulus should have more energy to channel to young. In U. beldingi, extra energy taken in by mothers is directly channeled to offspring (Trombulak 1991) . Also in this species, increased channeling of energy to young results in faster growth, earlier dispersal, and possibly greater overwinter survival (Nunes and Holekamp 1996; Nunes et al. 1997) .
Possible improvements in discrimination abilities in female U. beldingi might be related to changes in learning and memory, which have been shown to be modified by maternal experience (Leuner et al. 2010) . These modifications can be directly related to caring for young. For example, multiparous female O. aries are quicker to learn to recognize their young from a distance than are primiparous females (Keller et al. 2003) . Enhancement of learning can also be related to behaviors not directly associated with parental care but which nonetheless increase reproductive success. For example, parous female rats are better at learning the path through a maze to a preferred food reward than are nulliparous females. Enhanced spatial learning can thus increase the foraging efficiency of mothers, helping them to meet the energetic demands of reproduction and allowing them to spend more time caring for young (Pawluski et al. 2006) . Improved learning abilities might augment the behavioral plasticity and adaptability of mothers, which could help them cope with the range of situations they will encounter as mothers (Leuner et al. 2010) . The ability to accurately evaluate a situation would allow for more appropriate responses to novel situations than would determining apposite responses by trial and error.
It remains possible that the behavioral differences observed among parity groups of U. beldingi in this study were related to differences in neural and neuroendocrine mechanisms mediating maternal behavior or differences in general exploratory behavior and boldness rather than differences in threat discrimination abilities. Additional experiments assessing responses to novel objects might help elucidate the relationship between boldness and experience-related changes in aggressive and vigilant behavior in maternal U. beldingi, and also illuminate whether experienced mothers are better able to determine that an object is not threatening. For example, in great tits (Parus major) boldness toward an unfamiliar object is associated with higher degrees of aggression toward conspecific intruders (Carere et al. 2005) . Moreover, general boldness toward an unfamiliar object has been shown to change across the life span (Mayeaux and Mason 1998) and in response to winning or losing encounters with conspecifics (Frost et al. 2007) .
In addition, during behavioral observations it was not always possible to reliably identify a female's social partner in aggressive interactions. Thus, I was unable to determine whether parity-associated differences were associated with threats posed by different classes of conspecifics. Yearling males and reproductive females are the most likely to commit infanticide in U. beldingi, whereas adult males are the least likely (Sherman 1981) . Thus, if maternal experience improves the ability to determine the severity of a threat, females would be expected to behave more aggressively toward yearling males and reproductive females as they gain maternal experience, and to become more tolerant of adult males.
Overall, results of this study suggest that development of behaviors associated with defending maternal territories during the reproductive life span can be shaped by both age and experience raising young. Results of the study also provide preliminary support for the idea that experience raising young has the potential to enhance discrimination abilities in maternal female mammals.
